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Abstract 
The operating temperature of photovoltaic panels represents an important parameter that influences their conversion efficiency. High 
operating temperatures determine a decrease of maximum output power in the same conditions of solar radiation. The study presents a 
numerical approach of the reduction of temperature of the photovoltaic panels by using the air cooled heat sinks. The heat sink is 
conceived as a ribbed wall, realized of a high thermal conductivity material. The cooling efficiency is studied for different 
configurations of the heat sink, obtained by modifying the angle between the ribs and the base plate. The numerical model was realized 
using ANSYS-Fluent software for turbulent flow and the results are presented for the average temperature of the photovoltaic panel. 
©2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee EENVIRO 2015. 
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1. Introduction 
A photovoltaic (PV) panel represents an ensemble made of several photovoltaic cells designed to convert solar 
radiation into electric energy by photovoltaic effect. The most important characteristic of a photovoltaic panel is the 
conversion efficiency, which expresses the amount of solar radiation that is transformed into electric power, in 
certain conditions. The typical maximum values of the efficiency are reached between 14% and 17%, in case of 
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mono-crystalline silicon solar cells [1]. The solar radiation that is not converted into electricity is almost entirely 
transformed into heat. 
  
Fig. 1. The influence of PV panel temperature over output parameters [2, 3] 
The dependence between the conversion efficiency and the temperature of photovoltaic cell represents an 
important study domain for researchers. Scientific literature papers [4], results [5, 6] and manufacturers [7-10] 
confirmed the decrease of efficiency while the temperature of PV cell rises. Most studies [4-10] claim that the 
maximum power produced varies almost linear with the operating temperature. In Fig. 1 it is noticed that the value 
of the current produced by PV cell has an insignificant rise when the temperature of the cell is greater, but the 
voltage has in important reduction, causing a drop of the maximum power generated. 
The average reduction of efficiency is about 0.45%, for each degree over the 25 °C [11]. 
For defining the performance of a PV cell, the concept of Standard Test Conditions (STC) is needed [12]. The 
reference electrical power produced by a photovoltaic panel is defined for an average temperature of the cell of 25 
°C and intensity of solar radiation of 1000 W/m². In these conditions, the PV cell generates the maximum power, 
which is measured in Watt-peak (Wp). This value is relevant for manufacturers, but in real operating conditions, the 
power of a PV cell is dependent on temperature changes and solar radiation level. 
Different solutions for reducing the operating temperature of PV panels are sustained by specialized literature. 
Skoplaki et al. [13] present methods and relations for determining the dependence between conversion efficiency 
and temperature of PV cells. A method for improving the temperature of photovoltaic panels by using the air and 
passive cooling is studied by Cuce et al. [14]. 
Investigations regarding air cooling for photovoltaic panels are also proposed by Tonui et al. [15]. This solution 
consists in cooling the photovoltaic panel by realizing a ventilated channel of 0.1 m width behind it. Therefore, a 
photovoltaic/thermal (PV/T) system is created, which represents an optimized solution of using photovoltaic panels, 
with the additional role of producing thermal energy. This aspect is very important because there are generated two 
of the most used types of energy: electricity and heat. Moreover, the optimum functioning of each one brings 
benefits to the other [16]. 
The variation of the temperature of photovoltaic panels is also studied numerically in various works throughout 
literature. Hamrouni et al. [17] presents a study using MATLAB/Simulink software. 
For obtaining accurate results and realizing correct simulations, is essential to know the structure of the 
photovoltaic panel. A typical example of the structure is presented in [18]. Therefore, the main layers are: exterior 
glass, anti-reflexive coating (ARC), PV cells, ethylene-vinyl acetate (EVA), metal rear contact and polyvinyl 
fluoride (PVF) film. The thermo-physical properties of these layers are presented in Table 1 [18]. The photovoltaic 
panels can have different layers, depending on the technology of conception and producer. 
For present simulations, the PV panel was considered as a unique layer with thermal characteristics of the PV 
cells. A heat sink with ribs is connected behind it in order to realize a better heat transfer from the photovoltaic cell. 
The heat sink is considered to be made from a metal with high conductivity, in this case copper. 
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The photovoltaic system is the most efficient when the temperature of the cell is about 25 °C. In practice, there 
are few cases when the conditions to obtain this temperature are assured, determined by the lack of space or climatic 
conditions. Therefore, the concern to find solutions to reduce the operating temperature of the cells is necessary.   
                  Table 1. Properties of the layers of photovoltaic panel [17] 
Layer Thickness (m) Thermal conductivity (W/m.K) Density (kg/m3) Specific heat capacity J/kg.K) 
1. Glass 0.003 1.8 3000 500 
2. ARC 100 x 10-9 32 2400 691 
3. PV Cells 225 x 10-6 148 2330 677 
4. EVA 500 x 10-6 0.35 960 2090 
5. Rear contact 10 x 10-6 237 2700 900 
6. PVF 0.0001 0.2 1200 1250 
2. Problem description 
The paper studies the influence of the operating temperature of a photovoltaic panel during a clear day of 
summer. The position of the panel is considered vertical, integrated into a ventilated double skin façade (DSF). In 
this hypothesis, the PV panel is a part of exterior glazing of the double skin façade. The study presents also a 
solution to enhance the cooling of photovoltaic panel, by attaching a heat sink on its back. The width of double skin 
façade channel is considered constant, of 0.1 m. 
The photovoltaic panel studied in this paper has the following dimensions: L (length) = H (height) = 0.5 m. The 
cooling of the PV panel is evaluated in case of using a heat sink with ribs, for different heights and angles of the ribs.  
The heat sink that is attached at the back of PV panel is realized from a metal with high thermal conductivity, like 
copper or aluminum. The heat sink is composed from a ribbed wall, with following dimensional characteristics: 
h – height of the ribs (0.01...0.05 m); 
s – step between ribs (0.05 m); 
L, H – length and height of heat sink base (L = H = 0.5 m); 
g – thickness of the base of the heat sinks (0.002 m); 
gn – thickness of the ribs (0.002 m); 
ln – length of the ribs (0.48 m). 
3. Numerical approach 
The geometry of the model, Fig. 2, was realized using ANSYS – Design Modeler. The ribs of the heat sink have 
circular holes of 0.003 m radius, placed at a distance of 0.03 m one to another. These holes intend to improve the air 
circulation near the heat sink and to extract more heat from the PV panel. The mesh was realized with different 
refinement for the heat sink and ventilation channel. Therefore, the minimum size of the cell in the interest domain 
is about 0.002 m for the heat sink and ribs, and about 0.008 m for the air channel. 
The model used to simulate the solar radiation is the specialized tool Solar Ray Tracing from Fluent software. The 
optical parameters of photovoltaic panel were synthesized as a global absorption coefficient of solar radiation, α = 0.7 [19]. 
The resulting Reynolds (Re) number is about 13100, for the imposed velocity of 1.5 m/s [16]. Therefore, the 
turbulent flow regime was considered. The numerical simulation was realized using k-ε Re-Normalization Group 
(RNG) model of turbulence, recommended for air flow inside channels [20].  
The turbulence intensity can be estimated as: 
8
1
Re16.0I
 
   (1) 
The characteristic values used as input for turbulence model was: 
I – turbulence intensity of 4.8 % for the inlet velocity 1.5 m/s; 
428   Cătălin George Popovici et al. /  Energy Procedia  85 (2016)  425 – 432 
DH – hydraulic diameter of the channel: 0.166 m. 
 
Fig. 2. Geometry of the studied model 
Simulations were realized for disadvantageous external temperature of 35 °C. The velocity of the air behind the 
photovoltaic panel was set at 1.5 m/s [16]. The normal component of solar radiation used in the calculations is  
ΦS = 500 W/m2, assuming a vertical integration of the PV panel. A low convective heat transfer was considered to 
the outer surface of photovoltaic panel and the heat transfer coefficient was αconv = 8 W/m2.K. 
The continuity, momentum and energy equations were solved using Fluent computational tool. For simulation it 
was used the control volume method, SIMPLE pressure-velocity coupling and First Order Upwind for equation 
solver. This method uses a relationship between velocity and pressure corrections to enforce mass conservation and 
to obtain the pressure field. A fully implicit numerical scheme is employed, in which upwind differences are used 
for the convective terms and central differences for the diffusion terms. The calculation is iterative, with 
convergence criteria of 10-6 for the energy equation and 10-3 for the pressure, velocities and continuity equations. 
The different cases studied in this paper were realized by modifying the height of ribs from 0.01 m to 0.05 m with 
the step of 0.01 m. Once the height is growing another row of holes is added on the rib. The inclination of the ribs 
toward the vertical is also variable. The angles studied in these simulations are of 45°, 90° and 135°, see Fig. 3. 
     
Fig. 3 – Inclination angles of the ribs for studied cases 
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4. Results 
Results of simulations consist of the photovoltaic panel temperature variation depending on the height and angle 
of the ribs. Figures exported from the ANSYS-Fluent software present temperature spectra, Fig. 4, and velocity 
magnitude, Fig. 5, for the intermediate case of 0.03 m rib height. 
a)   b)   c)  
Fig. 4. Temperature spectra for different angles of ribs a) 45 °, b) 90°, c) 135° 
The angle of the ribs has an influence on the heat transfer and airflow inside the ventilated channel. A more 
intense heat transfer is recorded for the angle of 45°, while the case of 135° angle is considered the most 
disadvantageous. In consequence, the maximum temperature of the photovoltaic panel is greater for the 135°, of 
about 61 °C, Fig. 4, while in the other two cases it is limited to 57 °C. The same tendency is also registered for the 
other heights of the ribs studied. 
a)  b) c)  
Fig. 5. Velocity magnitude for different angles of ribs a)45 ° b) 90° c) 135° 
The cooling of the photovoltaic panel is directly proportional with the height of the ribs and inversely 
proportional with their inclination angle, Fig. 6. Lower values for operating temperature of the cell are registered for 
the angle of 45 °. The average temperature of the PV cell, Fig. 6, decreases when the 45° angle is used with about 1 
°C comparing to the 135°, for the height of the rib of 0.03 m, while for the last case, when the height is 0.05 m, the 
drop of the temperature is about 2 °C. The angle of the ribs has a less important influence for low heights and the 
reversed effect is noticed for the 0.01 m height. 
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Fig. 6. Variation of average temperature of PV panel depending on the ribs angle and heights 
The influence of the heat sink with ribs in reducing the temperature of the panel is presented in Table 2, for the 
0.03 m height of the ribs. There are obtained increases of efficiency and higher productions of electric energy, in 
same conditions of solar radiation. 
                 Table 2. Influence of operating temperature over PV panel efficiency 
Case 
Angle 
of ribs 
tp  
[°C] 
*[%] of PN ߟ **Pelspec [W/m2] 
Sp  
[m2] 
Pel   
[W] 
Raise over base case 
[%] 
Base*** - 56 86 0.1376 68.8 0.25 17.2 - 
h = 0.03 m 
45° 41.87 92.5 0.148 74 0.25 18.5 7.55 
90° 42.35 92 0.1472 73.6 0.25 18.4 6.97 
135° 42.95 91.5 0.1464 73.2 0.25 18.3 6.39 
Nominal - 25 100 0.16 80 0.25 20 16.28 
* According to [22] 
** Incident solar radiation 500 W/m2 
*** Case without ribs 
Where:  tp – average temperature of PV panel [°C]; 
     PN – nominal power produced at 25 °C [W]; 
     η – conversion efficience, η = Pel /ΦS ; 
     Pelespec – specific electric power [W/m2]; 
     S – surface of PV panel [m2]; 
     Pel – electrical power produced by the studied PV panel [W]. 
90° 
135° 
45° 
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Fig. 7. Variation of PV panel temperature (tp), efficiency (η), power (Pel) and the raise over the base case for height of ribs of 0.03 m 
5. Conclusions 
The operating temperature of photovoltaic panel has an important influence on its conversion efficiency, Fig. 7. 
This effect is easiest to be explored through the main parameters of the PV panel: intensity of the current and the 
voltage of the photovoltaic panel, which are globally expressed as maximum output power. For the studied case, the 
operating temperature of PV panel reaches about 56 °C, if no ribs are used and the maximum produced power is 
86% of the nominal one. 
In case of using a heat sink, even for small heights of the ribs, the average temperature of the PV panel is 
decreasing. According to simulations, the temperature is reduced with at least 10 °C below the value obtained in the 
basic case, Tab. 2. This aspect is favorable for the conversion efficiency, determining a maximum power produced 
above 90% of the nominal one. 
According to Fig. 7, for the studied configuration, the raise of maximum power produced by photovoltaic panel is 
from 6.97% to 7.55% comparing to the base case, for angles of the ribs from 90° to 45° respectively. 
Taking into account the intrinsic necessity of ventilating the double skin facades during summer, the presented 
method could represent a cheap and energy efficient solution for cooling photovoltaic panels.  
In order to validate these results, an experimental research will be realized in future works. 
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